AD-A238  309  ^ 

ililllHIl 

NAVAL  POSTGRADUATE  SCHOOL 


THESIS 


A  THEORY  AND  MODEL  FOR  THE 
PLANNING  OF  LAND  COMBAT 

by 

Thomas  Joseph  Schwartz 
September,  1990 

Thesis  Co-Advisors:  WIiliam  J.  Caldwell 

Laura  D.  Johnson 

Approved  for  public  release;  distribution  is  unlimited 


91-05149 


91  7  16  023 


Unclassified 

Mcurtiy  clmiflotlon  of  this  p»g« 


REPORT  DOCUMENTATION  PAGE 


lb  Reitrictiv*  Mvklngi 


6b  omce  Symbol 
((f  appllcabti)  OR 


3  DtitrtbutioniAvailabiUty  or  Report 

Approved  for  public  release;  distribution  is  unlimited. 


5  Monitoring  Orgsnizstion  Report  Number(t) _ _ 


7a  Name  of  Monitoring  Organlzaiion 
Naval  Postgraduate  School 


7b  Adiircii  (cliy,  smtt,  and  ZIP  cod*)  I 

Monterey,  CA  93943-5000  _ 


9  Procurement  Initrumeni  Idenilflciii'on  Number 


I  a  Report  Security  Clasiincation  Unclassified 


2a  Security  Claiitrication  Authority 


2b  Declaaiincatlon  Downgrading  Schedule 


4  performing  Organiaatlon  Report  Number(i) 


6a  .Saitie  of  Performing  Organbatlon 
Naval  Postgraduate  School 


6o  Addreti  (city,  tint,  and  ZIP  coda)  ( 

Monterey.  CA  93943-5000  v 


Sa  Name  or  Fundlng.'Sponiorlng  Organization 


Sc  Addreji  (city,  statt,  and  ZIP  coda)  10  Source  of  Funding  Numbcri 

_  Program  Element  No  1  Project  No  |  Taak  No  j  Work  Unit  Accewlon  No 


11  Title  (Include sacurlty  ctassiflcailon)  A  THEORY  AND  MODEL  FOR  THE  PLANNING  OF  LAND  COMBAT  (Unclassified 


12  Perional  Author(s)  Thomas  Joseph  Schwartz  _ _ 


1 3a  Type  of  Report  13b  Time  Covered  14  Date  of  Report  (year,  month,  day)  1 5  Page  Count 

Master's  Thesis  Ffom  To  September  1990  64 


16  supplemdntuy  Notation  The  views  expressed  in  this  thesis  are  those  of  the  author  and  do  not  reflect  the  official  policy  or  po¬ 
sition  of  the  Department  of  Defense  or  the  U.S,  Government. 


It  Subject  Terms  (contlnu*  on  reverie  (f  nteitttary  and  Identify  by  block  number) 

land  warfare,  niilitaty  planning,  military  science,  theory  of  combat,  categorical  modeling, 

multivariate  analysis 


1 


17  Cetati  Codes 


19  Abstract  (contlnu*  on  reverie  If  necessary  and  Identify  number  J 

Planning  land  combat  operations  requires  a  method  of  evaluation  to  deteimine  the  strengths  and  weaknesses  of  the  various 
possible  courses  of  action.  The  principal  means  of  evaluating  these  courses  of  action  is  wargaming.  Some  research  indicates 
that  planning  efforts  lack  a  coherent  set  of  wargaming  rules  and  principles  that  are  widely  accepted  and  understood  by  military 
professionals.  This  thesis  develops  a  theory  of  combat  for  use  by  military  professionals  in  the  planning  of  land  combat.  The 


applied.  The  theory  is  based  on  the  analysis  and  modeling  of  categorical  data  from  the  U.S.  Army  Concepts  Analysis 
Agency's  Benchmark  database.  The  database  includes  260  combined  arms  battles  from  the  period  1937  through  1982. 
Lo^linear  models  provide  maximum  likelihood  estimates  of  the  probability  of  an  attack's  success.  The  principle  of 
falsification  is  explained  and  used  to  validate  the  theory  using  the  historical  data.  Applications  of  the  theory  and  model  to 
the  planning  of  land  combat  are  discussed  and  areas  for  further  research  are  outlined. 


20  Dtiiribution  Avkilsbility  of  Abiirsct 
IS  unclssiiritd  unlimited  □  sAin«  as  report 


22s  Name  of  Responsible  Individual 
William  J.  Caldwell 


DD  FORM  1473.84  .MAR 


21  Aostract  Security  Cluiiricttlon 
□  DTic  users  Unclassified 


22b  Telephone  (Include  Aiea  code) 

(408)  646-3452 


83  APR  edition  may  be  used  until  exhausted 
All  other  editions  are  ob.soIete 


22c  orrice  Symbol 
OR/Cw 


security  classincation  of  this  page 
Uncla:  sifed 


Approved  for  public  release;  distribution  is  unlimited. 


Author: 


Approved  by: 


A  Theory'  and  Model  for  the 
Planning  of  Land  Combat 

by 

Thomas  Joseph  Schwartz 
Captain,  United  States  Army 
B.S.,  United  States  Military  Academy,  1981 

> 

Submitted  in  partial  fulfillment  of  the 
requirements  for  the  degree  of 

MASTER  OF  SCIENCE  IN  OPERATIONS  RESEARCH 

from  the 

NAVAL  POSTGRADUATE  SCHOOL 
September  1990 


/Thomas  Joseph  Schwartz 


ii 


ABSTRACT 

9 

Planning  land  combat  operations  requires  a  method  of  evaluation  to  determine  the 

,  strengths  and  weaknesses  of  the  various  possible  courses  of  action.  The  principal  means 

of  evaluating  these  courses  of  action  is  wargaming.  Some  research  indicates  that  plan- 
ning  efforts  lack  a  coherent  set  of  wargaming  rules  and  principles  that  are  widely  ac* 
cepted  and  understood  by  military  professionals.  This  thesis  develops  a  theory  of 
combat  for  use  by  military  professionals  in  the  planning  of  land  combat.  The  theory 
provides  a  method  for  evaluating  alternative  courses  of  action  at  the  brigade  through 
corps  level  that  can  be  easily  applied.  The  theory  is  based  on  the  analysis  and  modeling 
of  categorical  data  from  the  U.S.  Army  Concepts  Analysis  Agency's  Benchmark  data¬ 
base.  The  database  includes  260  combined  arms  battles  from  the  period  1937  through 
1982.  Loglincar  models  provide  maximum  likelihood  estimates  of  the  probability  of  an 
attack's  success.  The  principle  of  falsification  is  explained  and  used  to  validate  the  the¬ 
ory  using  the  historical  data.  Applications  of  the  theory  and  model  to  the  planning  of 
land  combat  are  discussed  and  areas  for  further  research  are  outlined. 
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I.  INTRODUCTION 


A.  THE  COMMAND  ESTIMATE 

The  process  of  making  an  estimate,  or  estimating  the  situation,  has  always  been  an 
integral  part  of  military  planning.  Sun  Tzu,  a  Chinese  general  wrote  about  500  B.C.  in 
The  Art  of  War  : 

Now  if  estimates  made  in  the  temple  before  hostilities  indicate  victot)'  it  is  because 
calculations  show  one's  strength  to  be  superior  to  that  of  his  enemy;  if  they  indicate 
defeat,  it  is  because  calculations  show  that  one  is  inferior.  With  many  calculations, 
one  can  win;  with  few  one  cannot.  How  much  less  chance  of  victory  has  one  who 
makes  none  at  all!  By  this  means  I  examine  the  situation  and  the  outcome  will  be 
clearly  apparent.  [Ref.  li  p.711 

The  recommended  command  estimate  process  for  the  development  of  estimates  in  the 
United  States  Army  is  stated  in  Field  Manual  Wl-5,  Steff  Organization  and  Operations, 
and  Command  and  General  Staff  College  Student  Text  100‘9,  The  Command  Estimate. 
The  command  estimate  process  is  outlined  in  Figure  1  on  page  2.  Alternative  courses 
of  action  are  formulated  during  this  process.  These  alternative  courses  of  action  must 
be  compared  with  each  other  using  criteria  set  by  the  commander  to  determine  which 
will  be  adopted.  These  criteria  may  include,  for  example,  minimizing  friendly  casualties 
and  equipment  losses,  adherence  to  certain  doctrinal  concepts  (e.g.  principles  of  war, 
Airland  Battle  doctrine),  or  the  development  of  an  acceptable  force  ratio.  The  focus  of 
this  thesis  is  to  compare  these  cour$c.<i  of  action  based  on  a  quantitative  evaluation  of 
the  relative  probability  of  success  of  each  one  as  estimated  from  the  historical  data. 

Research  in  the  course  of  action  analysis  process  is  ongoing  at  the  Army  Research 
Institute  (ARI)  Fort  Leavenworth  Field  Unit.  The  following  statements  characterize  the 
preliminary  results.  First,  the  process  as  outlined  in  ST  100-9  is  not  being  used  in  ob¬ 
served  staff  planning  situations  (Ref.  2:  p.  1).  ST  100-9,  The  Command  Estimate,  is  the 
instructional  text  used  to  instruct  K.iure  general  staff  ofdcers  in  the  application  of  the 
command  estimate  process,  and  is  also  intended  for  use  as  a  reference  by  units  in  the 
field.  In  a  number  of  observed  battalion  and  division  level  command  post  exercises  only 
one  course  of  action  was  generated  and  all  efforts  were  focused  on  the  development  of 
the  plan  for  that  course  of  action.  Notable  weaknesses  discussed  in  the  published  report 
included  the  comparison  of  the  alternative  courses  of  action,  and  in  particular,  that  there 
is  no  recommended  means  of  predicting  battle  outcomes  [Ref.  3:  p.  8).  The  few  tables 
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RECEIVE  THE  MISSION 
LIST  FACTS  AND  ASSUMPTIONS 
ANALYZE  THE  MISSION 

RECEIVE  THE  COMMANDER'S  GUIDANCE 
DEVELOP  COURSES  OF  ACTION 
ANALYZE  COURSES  OF  ACTION 
RECOMMENDATION/DECISION 
ACTIONS  AND  ORDERS 
SUPERVISION 

Figure  1.  The  Command  Estimate  Process 


that  are  provided  in  ST  100-9  enable  the  user  to  compute  a  force  ratio  but  give  no  esti¬ 
mate  of  the  chance  of  a  successful  battle  outcome.  The  same  observation  is  made  by  the 
Center  for  Army  Tactics,  the  author  of  ST  100-9,  in  a  memorandum  addressing  priori¬ 
ties  for  the  development  of  automated  staff  planning  aids  [Ref.  4:  pp.  24  and  37), 

A  possible  reason  for  staffs  not  using  the  comntand  estimate  process  and  in  partic¬ 
ular,  the  wargaming  of  alternative  courses  of  action,  is  a  lack  of  understanding  and 
confidence  in  the  model  itself,  There  are  currently  hundreds  of  combat  models  and 
computer  simulations  that  attempt  to  replicate  combat,  and  we  arc  spending  millions 
annually  to  develop  improved  versions  of  these  and  new  models.  J.A.  Stockfisch  sug¬ 
gests  in  a  1975  RAND  report  that  a  reason  for  the  proliferation  of  combat  models  is  the 
degree  of  inunaturity  of  the  study  of  combat.  Immaturity  in  this  context  refers  to  the 
poor  development  of  the  correspondence  between  theory  and  reality  [Ref.  5:  p.  6). 
Stockfisch  notes  that  physics  is  an  example  of  a  discipline  in  which  the  correspondence 
between  theory  and  reality  is  highly  developed.  Another  analogy  is  particularly 
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applicable  to  the  analysis  of  alternative  courses  of  action.  A  doctor  of  medicine 
presumably  would  not  use  a  laboratory  test  to  diagnose  a  patient's  condition  if  he  did 
not  at  least  know  the  reliability  of  the  test.  Similarly,  a  mil'  ••v  professional  should  net 
use  a  method  to  evaluate  alternative  courses  of  action  if  he  does  not  have  confidence  in 
it.  Professional  military  education  in  the  United  States  Army  does  not  address  a  theory 
of  combat  or  combat  processes  other  than  the  reading  of  military  history  for  qualitative 
lessons  and  insights. 

B.  HIERARCHY  OF  COMBAT  AND  SCOPE  OF  THIS  THESIS 

Before  defining  the  scope  of  this  thesis  it  is  necessary  to  define  combat  and  the  levels 
of  combat  that  will  be  addressed.  Military  combat  is  the  employment  of  weapons  by 
organized  forces  with  hostile  intent  for  the  purpose  of  protecting,  controlling,  or  seizing 
territory,  people  or  resources  (Ref.  6:  p.  64].  This  definition  will  bo  used  wherever  com¬ 
bat  is  discussed. 

Within  the  o  /crall  concept  of  combat  there  exists  a  hierarchy  of  levels  of  combat. 
These  levels  of  combat  are  illustrated  in  Figure  2  on  page  4  and  are  adapted  from 
Dupuy's  Understanding  War-Iiistory  and  Theory  of  Combat,  Three  of  these  levels  of 
combat  are  applicable  to  the  theory  and  model  of  combat  that  will  be  developed  here 
and  are  further  defined  [Ref.  6:  p.  65)  below. 

•  Campaign:  A  campaign  is  a  series  of  military  operations  coordinated  in  time  and 
space  and  directed  toward  a  specified  strategic  objective.  Campaigns  are  usually 
composed  of  several  battles  and  may  last  several  weeks  to  a  year. 

•  Battle:  A  battle  is  combat  between  major  forces  with  an  operational  mission  and 
may  last  several  days  to  a  few  weeks. 

•  Engagement:  An  engagement  is  combat  between  forces  of  company  through  divi¬ 
sion  strength  and  is  often  part  of  a  larger  battle.  Engagements  may  last  several 
hours  to  a  few  days. 

The  data  that  will  be  used  to  develop  the  theory  and  validate  the  model  consists  of 
campaigns,  battles  and  engagements  from  the  period  1937  to  1982. 

There  is  a  division  of  military  theory  that  will  ftirther  narrow  the  scope  of  this  thesis. 
Military  theory,  as  seen  in  Figure  3  on  page  5  is  divided  into  the  philosophy  of  war  and 
the  theory  of  combat.  The  philosophy  of  war  deals  with  the  political,  economic  and 
social  context  of  warfare  and  the  aims  of  war  detailed  by  the  nation's  political  leadership. 
The  theory  of  combat  utilizes  the  expertise  of  the  professional  soldier  and  frames  the 
study  of  military  organizations,  operational  concepts,  and  military  endeavors.  Military 
strategy,  jointly  formulated  by  the  political  and  military  leadership,  is  common  to  the 


3 


WAR 

NATIONAL  FORCES 

CAMPAIGN 
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TWO  SYSTEMS/INDIVIDUALS 

Figure  2.  Hiererchy  of  Combat 


philosophy  of  war  and  the  theory  of  combat,  serving  as  a  bridge  between  the  two  [Ref 
6:  p.  65]. 

With  regard  to  military  expertise  and  professionalism  the  following  point  will  be  a 
recurring  theme  throughout  this  thesis.  Stockfisch  in  Models,  Data  and  War;  A  Critique 
of  the  Study  of  Conventional  Forces,  stated: 

There  also  exists  a  body  of  knowledge  relevant  to  military  operations,  w’hich  is  pos¬ 
sessed  by  the  Ofllcer  Corps  and  is  the  product  of  both  experience  and  intensive 
study.  This  body  of  knowledge  is  often  referred  to  as  military  judgment.  That  ex- 
pressioi^  is  unfortunate  whenever  the  context  suggests  that  the  kind  of  information 
it  incorporates  is  either  inferior  or  superior  to  knowledge  that  is  produced  by  appli¬ 
cation  of  scientific  quantitative  methodology.  Particularly  misleading  is  the  idea 
that  knowledge  produced  by  the  application  of  quantitative  methodology  is  objec¬ 
tive,  whereas  military  judgment  is  subjective.  Assertions  or  beliefs  along  these  lines 
may  not  even  be  meaningful  hypotheses  that  can  be  tested  or  resolved  in  any  satis¬ 
factory  way.  [Ref.  5:  p.  6] 

This  statement  further  refines  the  requirement  that  the  theory  and  model  to  be  developed 
be  understood  by  the  user,  the  military  professional.  Not  only  must  the  inputs  and 
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Figure  3.  Spectrum  of  Military  Theory 

outputs  of  the  model  be  understandable,  but  also  the  relationships  must  not  run  counter 
to  military  judgment. 

C.  THESIS  GOAL  AND  OUTLINE 

The  goal  of  this  thesis  is  to  develop  a  theory  for  use  by  military  professionals  in 
evaluating  alternative  courses  of  action  for  land  combat  operations  by  units  at  the 
brigade  through  corps  levels.  The  theory  is  intended  to  be  understood  by  the  user, 
credible  by  means  of  historical  validation,  and  easily  applied  to  the  planning  of  land 
combat  operations  without  need  for  computational  support. 

Chapter  I  has  addressed  the  framework  of  military  planning  and  the  hierarchy  of 
combat.  In  Chapter  II  the  concept  of  a  theory  of  combat  will  be  introduced  and  a  the¬ 
ory  intended  for  planning  purposes  will  be  detailed.  Chapter  III  will  define  the  as¬ 
sumptions,  database  and  methodology  used  to  analyze  the  historical  data.  Validation 
of  the  theory'  from  the  results  of  the  data  analysis  will  be  discussed  in  Chapter  IV. 


-t  PHILOSOPHY  OF  WAkI 
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Chapter  V  will  propose  applications  of  the  theory  to  the  planning  of  land  combat  oper> 
ations.  The  final  chapter,  Chapter  VI,  contains  concluding  remarks  and  recommen¬ 
dations  for  Airther  study. 
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II.  A  THEORY  FOR  PLANNING  LAND  COMBAT 

A.  DEVELOPMENT  OF  A  THEORY  OF  COMBAT 

Two  sources  that  establish  a  need  for  the  development  of  a  theory  of  combat  are 
Huber,  Low,  and  Taylor  in  Som«  Thoughts  on  Developing  a  Theory  of  Combat  (1979) 
(Ref.7],  and  T.N.  Dupuy's  Understanding  l^^ar-History  and  Theory  of  Combat  (1987) 
[Ref.d].  Dupuy  defines  a  theory  of  combat  as  an  organization  of  fundamental  lam  about 
combat  that  explain  the  inteitaction  of  combat  forces  and  processes  (Ref.C;  p.79].  Huber, 
et.al.  has  the  same  definition  and  further  defines  a  law  of  combat  as  a  "confirmed  hy* 
pothesis"  about  combat  [Rcf.7!  p.4,301.  The  combat  processes  that  are  the  subject  of  the 
theory  of  combat  and  the  hypothesized  laws  of  combat  may  include: 

•  Attritioni ,  the  infliction  of  casualties  on  an  opposing  force 

•  Manuever:  the  movement  of  forces  to  gain  advantage 

•  C3I:  command,  control,  communications,  and  intelligence  (linctions  of 
commanders  and  their  staffs 

•  Support:  the  logistical  support  of  forces  in  the  field 

The  approaches  to  developing  a  theory  of  combat,  that  is  developing  the  hypotheses 
about  combat  arc  three: 

•  Historical:  based  on  the  analysis  of  historical  data  from  combat 

•  Judgmental:  based  on  field  experiments,  exercises  and  military  judgment 

•  Operational  analysis:  based  on  physical  or  formal  models 

These  three  approaches  .".re  complementary,  and  an  adequate  theory  may  combine  these 
approaches  [Ref.?:  pp.8-9],  The  theory  developed  here  combines  these  approaches  by 
analyzing  historical  data  and  comparing  the  results  with  militaiy  judgment. 

B.  A  THEORY  FOR  PLANNING  LAND  COMBAT 

The  following  statements  are  the  hypotheses  about  combat  that  will  compose  the 
theory  for  the  planning  of  land  combat  in  this  thesis.  These  hypotheses  will  then  be 
tested  using  the  statistical  methodology  discussed  in  the  next  chapter. 

1.  Superior  Combat  Poner  Wins 

The  statement  that  superior  combat  power  wins  on  the  battlefield  may  be  an 
obvious  one,  but  the  measurement  of  combat  power  is  a  subject  of  considerable 
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discussion.  The  Army's  principal  doctrinal  manual,  FM  100-5,  Operations  ,  has  this  to 
say  about  combat  power: 

The  dynamics  of  combat  power  decide  the  outcome  of  campaigns,  major  operations, 
battles  and  engagements.  Combat  power  is  the  ability  to  tight.  It  measures  the  ef¬ 
fect  created  by  combining  manuever,  firepower,  protection  and  leadership  in  combat 
actions  against  an  enemy  in  war.  [Ref.8:  p.ll] 

It  is  traditionally  thought  that  a  three  to  one  superiority  in  combat  power,  measured  by 
some  kind  of  force  ratio,  is  required  for  an  attack  to  succeed  [Ref.9].  This  thesis  at¬ 
tempts  to  develop  a  statistically  significant  measure  of  combat  power  for  use  in  the 
planning  of  operations.  The  measures  of  combat  power  that  will  be  considered  include 
the  ratios  of  attacking  to  defending  troops,  attacking  to  defending  artillery  pieces  and 
attacking  to  defending  tanks,  and  combinations  of  these  three. 

2.  The  Law  of  Diminishing  Returns/ Economy  of  Force 

While  superior  combat  power  may  win  battles,  at  some  level  of  combat  power 
the  "marginal  value  of  an  increment  of  combat  power  is  less  than  the  marginal  value  of 
the  incremental  results  achieved."  [Ref.7:  p.l25]  The  hypothesis  to  be  tested  is  that  as 
combat  power  is  increased  at  a  constant  rate,  the  likelihood  of  an  attack's  success  will 
Increase  more  rapidly  than  combat  power  to  a  certain  point,  af\er  which  the  rate  of  in¬ 
crease  will  be  less  than  the  rate  at  which  combat  power  is  increased.  This  effect,  if 
present,  would  support  the  military  principle  of  economy  of  force,  which  is  "Allocate 
minimum  essential  combat  power  to  secondary  ciTorts."  [Ref-S:  p.l75) 

3.  Combat  Multipliers:  Terrain,  Posture  and  Surprise 

A  combat  multipliei  is  a  factor  that  increases  the  combat  power  of  one  side 
relative  to  the  other.  This  theory  hypothesizes  that  the  terrain  on  which  the  battle  is 
fought,  the  posture  of  the  defending  force,  and  whether  or  not  the  attacking  iorcc 
achieves  surprise  are  combat  multipliers. 

The  defender  has  an  advantage  in  that  he  usually  chooses  the  terrain  on  which 
the  battle  will  bo  fought. 

Terrain  forms  the  natural  structure  of  the  battlefield.  Commanders  must  recognize 
its  limitations  and  possibilities  and  use  it  to  protect  friendly  operations  and  to  put 
the  enemy  at  a  disadvantage.  [Ref.8:  p.76] 

Terrain  is  categorized  as  flat,  rolling  or  rugged  in  these  data. 

The  defender's  posture  refers  to  the  amount  of  preparation  that  he  makes  of  his 
position  and  the  level  of  resistance  that  he  ofTcrs  the  attacker. 
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The  defender  arrives  in  the  battle  area  before  the  attacker.  He  must  take  advantage 
of  his  early  occupation  of  the  area  by  making  the  most  thorough  preparations  for 
combat  as  time  allows.  [Ref.8:  p.l321 

Classifications  of  the  defender's  posture  will  be  discussed  with  the  database  in  Chapter 
III. 


Surprise  is  a  characteristic  of  combat  that  is  difficult  to  achieve  for  either  side 
but  may  have  decisive  results. 

Surprise  is  important  at  the  operational  and  tactical  levels  for  it  can  decisively  affect 
the  outcome  of  battles.  With  surprise,  success  out  of  proportion  to  the  effort  ex¬ 
pended  may  be  obtained.  Surprise  results  from  going  against  an  enemy  at  a  time 
and/or  place  or  in  a  manner  for  which  he  is  unprepared.  It  is  not  essential  that  the 
.  enemy  be  taken  unaware,  but  onl}[  that  he  become  aware  too  late  to  react  effectively. 
Factors  contributing  to  surprise  include  Sj^eed  and  alacrity,  employment  of  unex¬ 
pected  factors,  effective  intelligence,  deception  operations  of  all  kinds,  variations  of 
tactics  and  methods  of  operation,  and  operations  security.  (Ref.8:  p.l76] 

The  hypotheses  that  surprise,  posture  and  terrain  affect  battle  outcomes  will  be  tested. 

C.  SUMMARY 

We  have  defined  a  theory  of  combat  as  an  organization  of  fbndamental  laws  about 
combat  that  explain  the  interaction  of  combat  forces  and  processes.  These  laws,  or 
confirmed  hypotheses,  may  be  developed  using  analysis  of  historical  data,  experiments, 
exercises  and  military  judgment,  and  physical  or  formal  models.  Three  hypotheses  have 
been  proposed  for  inclusion  into  a  theory  of  combat.  They  arc,  first,  that  superior 
combat  power  wins  on  the  battlefield;  second,  that  the  law  of  diminishing  returns  applies 
to  combat  power;  and  finally,  that  terrain,  defender  posture,  and  surprise  have  a  multi¬ 
plicative  effect  on  combat  power.  These  hypotheses  will  be  examined  using  the  meth¬ 
odology  discussed  in  Chapter  111. 
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III.  METHODOLOGY 


A.  THE  BENCHMARK  DATABASE 

The  data  used  for  this  thesis  were  assembled  for  the  U.S.  Army  Concepts  Analysis 
Agency  and  is  contained  in  its  research  paper  Historical  Characteristics  of  Combat  for 
Vargames  (Benchmarks),  written  by  Robert  McQuie  (Ref.  10],  These  data,  from  now 
on  referred  to  as  the  Benchmark  database,  contain  information  on  260  combined  arms 
battles  from  the  period  1937  through  1982.  Forty-live  characteristics  or  data  elements 
are  listed  in  the  database  for  each  battle.  The  locations,  time  periods  and  numbers  of 
battles  in  the  database  are  listed  in  Tabic  1  on  page  11.  It  should  be  noted,  however, 
that  approximately  one-fifth  of  the  data  elements  in  the  database  arc  empty.  This  is  due 
to  the  loss  of  records  in  war,  inaccuracies  and  contradictions  in  historical  records.  For¬ 
tunately,  the  missing  data  elements  are  scattered  about  the  data  in  a  fairly  random 
manner.  The  observations  were  censored  if  they  contained  a  missing  value  for  a  variable 
that  was  to  be  analyzed.  Even  with  this  censoring,  the  smallest  number  of  battles  that 
were  used  in  an  analysis  was  243.  This  means  that  the  maximum  number  of  censored 
observations  was  17,  less  than  seven  percent  of  the  total.  The  reliability  of  the  available 
data  has  been  checked,  as  noted  in  McQulc's  report,  with  the  most  reliable  data  being 
that  from  battles  in  Western  Europe  and  Italy,  and  the  least  reliable  being  that  from  the 
Korean  War.  The  reliability  of  the  remaining  data  falls  between  these  two.  [Ref.  10: 
pp.4-8]  An  extract  of  the  data  from  this  database  is  given  in  Appendix  B,  and  includes 
all  of  the  data  values  and  characteristics  used  in  this  report. 
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The  Benchmark  daubate  ii  particularly  luited  to  the  development  of  a  theory  of 
combat  for  planning  purpoiei.  While  discuiiing  the  available  data  about  combat  and 
itx  uiei,  Ta>'lor  stated  *the  available  real  combat  data  does  not  support  verification  of 
detailed  combat  models,  but  it  only  supports  such  investigations  of  relatively  simple  ag¬ 
gregated  larfC'Units  models."  (Ref.7:  p.34]  This  purpose  is  consistent  with  the  models 
that  arc  developed  as  a  result  of  this  research. 

A  number  of  military  terms  are  used  to  characterize  the  battle  conditions  in  the 
Benchmark  database.  The  most  frequently  used  terms  are  given  below  to  facilitate 
understanding  of  the  theory  and  model.  The  definitions  are  taken  fVom  the  glossary  of 
the  Benchmark  report  to  Insure  consistency  in  the  interpretation  of  the  data  and  models 
(Ref.  10;  p.B-1]. 

•  Success.  The  resolution  of  the  combat  in  favor  of  one  side  or  the  other,  considering 
how  well  each  force  accomplished  its'  mission.  In  some  battles,  neither  force  or 
both  forces  have  been  successful. 

•  Surprise.  Surprise  occurs  when  one  force  is  able  to  confront  its  opponent  with 
tactical  circumstances  that  the  opponent  did  not  anticipate  or  adequately  prepare 


for.  Surprise  may  be  achieved  with  respect  to  time,  location,  manuever  or 
firepower. 

•  Terrain.  The  total  topography  of  the  battlefield  as  described  in  the  sources;  cate¬ 
gorized  as  rough,  rolling  or  fiat. 

The  defender's  posture  has  five  different  categorizations  that  are  defined  as  follows; 

•  Delay.  A  retrograde  movement  in  which  the  defender  siows  down  and  damages  an 
advancing  enemy  to  gain  time,  but  does  not  beome  decisively  engaged  in  combat 
or  allow  himself  to  be  outflanked. 

•  Fortified  defense.  A  coordinated  defense  system  prepared  with  sufficient  time  and 
material  to  complete  planned  entrenchments,  field  fortifications,  and  obstacles. 

•  Hasty  defense.  A  defense  normally  organized  while  in  contact  with  the  enemy  or 
when  contact  is  imminent  and  time  for  battle  preparation  is  limited.  It  involves  the 
use  of  foxholes,  emplacements  and  obstacles.  With  enough  time,  usually  taken  to 
be  one  day,  a  hasty  defensive  position  can  be  improved  to  a  prepared  or  fortified 
defense. 

•  Prepared  defense.  A  defense  prepared  with  time,  often  considered  to  be  one  day, 
to  improve  the  position,  but  which  due  to  lack  of  time  and  material  has  less  than 
the  strength  of  a  fortified  postion. 

•  Wlthdrawl.  A  movement  in  accordance  with  the  will  of  a  force's  commander  away 
from  the  enemy  that  terminates  combat  or  contact  with  the  enemy  force. 

Force  ratios  are  traditional  measures  of  combat  power.  These  ratios  are  often  used  to 
estimate  "how  much  is  enough"  in  the  preparation  of  courses  of  action  and  in  making 
tactical  decisions.  The  three  most  commonly  used  force  ratios  are  attacking  to  defending 
troops,  attacking  to  defending  artillery  pieces,  and  attacking  to  defending  tanks. 
Firepower  Indices  are  sometimes  used  as  measures  of  combat  power.  Each  weapon 
system  is  assigned  a  firepower  score,  a  value  relative  to  the  other  weapons  systems  con¬ 
sidered.  For  example,  a  soldier  may  be  equal  to  a  score  of  one,  cm  artillery  piece  equiv¬ 
alent  to  a  score  of  65,  and  a  tank  may  be  iOO.  These  scores  are  multiplied  by  the  number 
of  their  respective  systems  on  a  side  and  summed  to  give  a  firepower  index  for  that  side. 
The  attacking  to  defending  indices  are  then  formed  into  a  ratio  to  evaluate  the  relative 
strength  of  each  side. 

B.  DATA  PREPARATION 

To  simplifV  the  modeling  of  the  response  variable,  success,  any  battle  that  was 
classified  as  a  draw  or  victory  for  both  sides  was  recoded  as  a  defender  success.  Because 
there  were  relatively  few  battles  that  were  categorized  as  draws  or  derisions  for  both 
sides,  this  simplification  had  very  little  effect  on  the  overall  analysis. 


12 


The  majority  of  the  data  contained  in  the  Benchmark  database  is  categorical  in  na¬ 
ture,  meaning  tlmt  the  data  type  consists  of  ordered  or  unordeied  classifications  of  the 
data.  For  instance,  temperature  on  the  battlefield  is  classified  as  hot,  mild  or  cold  (an 
ordered  classification);  defender  posture  is  classified  as  hasty  defense,  prepared  defense, 
fortified  defense,  delay  or  withdrawl  (an  unordered  classification).  In  addition  to  the 
categorical  data,  numeric  data  is  given  for  each  side  regarding  the  numbers  of  troops  and 
weapons  systems  employed  as  well  as  casualties  and  equipment  losses  as  a  result  of  the 
battle.  These  numeric  data  were  computed  and  then  recoded  into  a  categorical  classi¬ 
fication  that  could  be  analyzed  in  a  contingency  table  and  used  in  loglinear  modeling. 
The  clasiiflcatiotts  for  all  ratio  scale  data  are  listed  in  Table  2. 

Table  2.  CATEGORIES  FOR  RATIO 
SCALE  DATA 


At  this  point  it  is  appropriate  to  discuss  why  the  force  ratios  were  categorized  in  this 
manner  when  procedures  for  logistic  regression  exist.  One  alternative  approach  would 
be  to  use  logistic  regression  with  ordinal  categorized  variables  recoded  to  a  number  code. 
Unordered  categorical  data,  such  as  defender  posture,  would  be  recoded  using  several 
dummy  variables.  This  was  attempted  using  the  same  procedures  described  below  for 
categorical  modeling,  but  the  likelihood  ratio  statistic  used  to  assess  model  goodness 
of  fit  showed  a  very  poor  model  fit  to  the  data  This  may  be  because  the  variables  are 
not  linear  in  the  logit  function.  Rather  than  finding  a  non-lincar  relationship,  the  ratios 
were  categorized  in  a  sensible  manner  to  develop  an  easily  understood  model.  The 
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rccodlns  of  the  ratios  into  categories  and  the  use  of  all  categorical  data  in  the  model 
produced  satisfactory  results. 

The  assumption  was  made  that  the  method  of  categorization  of  numeric  variables 
did  not  significantly  affect  the  modeling  result.  This  assumption  was  tested  by  the  use 
of  several  scalings.  Scalings  that  were  more  coarse  did  not  produce  statistically  signif¬ 
icant  models,  and  finer  scalings  produced  signiilcant  models  but  reduced  cell  size  to  the 
point  where  the  models  became  unusable.  The  current  scaling  balances  these  consider¬ 
ations. 

C.  CATEGORICAL  MODELING 

Loglinear  models  of  the  categorical  data  were  used  to  analyze  the  data.  These 
models  attempt  to  describe  the  interaction  between  or  among  variables  in  multidimen¬ 
sional  contingency  tables  based  on  cross-product  ratios  of  expected  cell  values.  The 
contingency  table  describes  the  structural  relationship  among  the  variables  that  compose 
the  dimensions  of  the  table.  If  N  is  the  total  number  of  battles  in  the  contingency  table, 
x,4.  is  the  total  number  of  observations  in  the  Uh  row,  and  x^.j  is  the  total  number  in  the 
Jih  column,  then  under  the  assumption  of  independence  between  the  row  and  column 
categories,  m,j ,  the  maximum  likelihood  estimator  of  expected  value  of  the  \}  cell,  is 

"»(/  -  “IT'  • 

Taking  the  logarithms  of  both  sides, 

log  -  log  x,^  +  log  x^.j  -  log  A^ 

Thus  log  niij  is  linear  in  the  log  of  the  marginal  totals.  Under  independence,  log  m,j  is 
modeled  as 


-  M  +  «/  + 


where 

H  -  overall  mean  effect 
tti  -  mean  effect  for  variable  I 
Pj  -  mean  effect  for  variable  j. 

In  the  Ailly  saturated  loglinear  model 
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log  my  -  M  +  «/+/?;  +  «/?(/ 


where  is  the  interaction  term.  For  the  models  used  in  this  research,  the  response 
variable  was  always  success,  defined  as  whether  or  not  the  attack  succeeded. 

.  ( I  if  the  ith  attack  was  a  success 

Le/  ^  , .  ,  , ,  ,  i  -  1 . M 

(^0  If  the  ith  attack  was  not  a  success 

The  explanatory  variables  included  the  categorized  ratio  of  attacking  to  defending  tanks, 
troops,  and  artillery  (each  with  ten  levels),  the  defender's  posture  (five  levels),  the  terrain 
(three  levels),  and  whether  or  not  the  attacker  gained  surprise  (two  levels).  Because  there 
are  thirty  thousand  cells  in  the  Ailly  saturated  model  and  only  260  battles,  the  approach 
used  was  to  search  for  significant  subset  models.  Suppose  we  were  to  model  success  as 
a  response  to  defender  posture  and  surprise.  Posture  represents  the  rows  and  surprise 
represents  the  columns  of  the  model's  associated  contingency  table,  'I'he  expected  value 
for  the  number  of  successes  in  the  ith  row  andjth  column  without  interaction  between 
posture  and  surprise  can  bo  denoted  ,  where 

log  my  •  M  + 

where 

U  »  overali  mean  effect 
ct/  —  mean  effect  for  posture  i 
Pj  —  mean  effect  for  surprise  j. 

The  CATMOD  procedure  of  the  SAS  statistical  analysis  package  was  used  as  the  tool 
for  the  categorical  data  modeling.  I  his  procedure  uses  moximum  likelihood  to  estimate 
parameters  for  loglinear  models  (Ref.ll:  p.l74|.  The  parameters  p  ,  and  Pj  are  esti¬ 
mated  using  an  iterative  method  to  maximize  the  likelihood  Ainction.  The  emphasis  of 
the  procedure  is  on  model  building,  goodness  of  fit  testing,  and  the  estimation  of  cell 
frequencies  and  probabilities  of  the  underlying  contingency  tables.  The  procedure's 
output  includes  profiles  of  the  data,  actual  and  predicted  cell  probabilities,  analysis  of 
parameters  and  elTects,  and  the  likelihood  ratio  statistic  for  assessing  goodness  of  fit. 

The  following  table  illustrates  an  application  of  the  test  statistics  output  by  the 
CATMOD  procedure  to  the  modeling  results.  One  model  hypothesized  that  defender 
posture  and  surprise  could  predict  attack  success.  As  seen  in  Table  3  on  page  16  the 
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p-value  for  the  explanatory  variable  posture,  which  tests  to  see  if  the  explanatory  vari¬ 
able  posture  has  an  effect  on  success  in  the  presence  of  the  explanatory  variable  surprise, 
is  0.03.  Thus,  at  a  reasonable  level  of  significance  (less  than  0.03),  the  null  hypothesis 
that  posture  has  no  effect  would  be  rejected. 


Table  3.  MODEL  RESULT  FOR  LOGLINEAR  MODEL  SUCCESS  -  POS¬ 
TURE  SURPRISE 


Response  variable 

Explanatory  vari¬ 
ables 

P  value  of  ex¬ 
planatory  vari¬ 
ables 

P  value  of  likeli¬ 
hood  statistic 

Attack  success 

Defender  posture 

0.03 

0.95 

HKEEISESHIIi 

0.60 

On  the  other  hand,  surprise  has  a  0.60  p-value,  so  that  it  is  unlikely  in  the  presence  of 
the  explanatory  variable  posture  that  surprise  is  a  significant  factor  for  predicting  suc¬ 
cess.  The  p-value  for  the  likelihood  ratio  statistic  for  the  model  is  0.95,  meaning  that  the 
similarity  between  the  observed  battle  outcomes  and  those  predicted  by  the  model  is  very 
high.  Overall,  this  is  not  a  bad  model  but  there  may  be  other  combinations  of  explana¬ 
tory  variables  with  posture  that  may  produce  good  models  of  battle  outcomes.  The  re¬ 
sults  of  this  type  of  modeling  will  be  discussed  in  the  next  chapter. 

D.  PLOTTING  AND  ANALYSIS  OF  OUTPUT 

Predicted  cell  probabilities  using  the  maximum  likelihood  estimates  were  input  into 
GRAFSTAT,  a  statistics  and  graphics  package  on  the  IBM  mainframe  system.  These 
cell  probabilities  were  plotted  for  models  that  were  found  to  be  statistically  significant 
using  the  tests  previously  discussed.  The  cell  probabilities  are  an  estimate  of  the  prob¬ 
ability  of  an  attack's  success  given  the  conditions  that  define  that  cell  in  the  model.  The 
plots  of  the  cell  probabilities  were  smoothed  using  LOWESS,  a  locally  weighted  re¬ 
gression  scatter  plot  smoothing  method  which  employs  weighted  least  squares  to  fit  a 
line  to  a  set  of  points  on  a  scatter  plot  [Ref.  12:  p.94].  An  example  plot  is  given  as 
Figure  4  on  page  17,  where  the  traditional  force  ratios  and  the  maximum  likelihood 
estimates  of  the  attack  probability  of  success  arc  plotted.  This  plot  is  based  on  all  of  the 
observations  in  the  Benchmark  database.  These  plots  were  then  compared  with  the 
hypotheses  in  the  theory  of  combat,  with  historical  data,  and  military  judgment  to 
determine  lessons  and  insights  which  may  be  helpful  for  the  planning  of  land  combat. 
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FORCE  RATIO  ATKR/DEFDR 


Figure  4.  Traditional  Measures  of  Combat  Power 
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E>  SUMMARY 

In  this  chapter  the  methodology  for  the  development  of  hypotheses  about  combat 
based  on  historical  data  and  military  judgment  was  discussed.  The  Benchmark  data  base 
was  introduced  as  well  as  the  modeling  assumptions  used.  The  analysis  of  categorical 
data  with  the  use  of  loglinear  models  and  appropriate  test  statistics  was  also  discussed. 
In  the  next  chapter  the  validation  of  the  theory  and  results  of  the  analysis  will  be  dis¬ 
cussed  in  detail. 
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IV.  VALIDATION  AND  ANALYSIS  OF  THE  THEORY  AND  MODELS 


A.  THE  PRINCIPLE  OF  FALSIFICATION 

In  the  previous  chapter  the  methodology  and  data  used  to  model  battle  outcomes 
were  discussed.  This  chapter  begins  with  a  discussion  of  a  principle  for  model  validation, 
and  then  describes  in  detail  the  research  conducted  and  results  observed.  Validation  in 
this  context  means  the  determination  of  whether  or  not  the  results  output  by  a  model 
are  a  faithAil  representation  of  the  actual  system  being  modeled. 

An  approach  to  validation  is  to  validate  the  underlying  theory  on  which  the  model 
is  based.  In  the  case  of  this  research,  the  theory  to  be  validated  consists  of  a  set  of  hy¬ 
potheses  about  combat  and  combat  processes.  The  method  of  falsification  as  developed 
by  Huber  states  that  a  deductively  derived  hypothesis  about  combat  may  be  considered 
usable  as  long  as  historical  research  does  not  provide  statistically  significant  evidence  for 
its  rejection.  These  "negative  falsifications"  of  combat  hypotheses,  while  not  the  rigor¬ 
ously  controlled  experiments  of  the  physical  sciences,  may  nevertheless  be  considered  to 
approach  validation  and  allow  the  incorporation  of  the  hypotheses  into  the  theory 
[Ref.7:  p.25]. 

Since  all  of  the  hypotheses  about  combat  will  be  tested  for  statistical  significance 
using  the  actual  data  about  combat,  those  that  are  statistically  significant  will  be  con¬ 
sidered  validated  for  the  purposes  of  this  theory  of  combat.  These  hypotheses  will  also 
need  to  be  in  agreement  with  military  judgment  so  that  the  theory  and  modeling  results 
arc  transparent  to  the  intended  user,  the  military  planner. 

B.  OVERVIEW  OF  MODELS  USED  AND  RESULTS 

The  number  of  models  tried  in  the  modeling  effort  was  large.  The  following  table 
displays  some  of  the  models  developed  and  the  wide  range  of  significance  levels  ob¬ 
served.  The  statistical  significance  level  given,  »,  is  the  maximum  of  the  individual  p- 
values  for  the  model's  explanatory  variables.  The  models  are  arranged  roughly  in  order 
of  relatively  best  fit  to  worst. 
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Table  4.  SUMMARY  OF  MODELING  RESULTS 


Response  Variable:  Attack  Success 

Explanatory  Variables 

P  value  of 
likelihood 
statistic 

Overall  a 
level 

Attacker,  Posture,  Surprise 

0.89 

0.04 

Tank  ratio,  Posture,  Surprise 

0.62 

0.14 

Tank  ratio,  Posture 

0.50 

0.15 

Tank  ratio,  Surprise 

0.47 

0.25 

Attacker,  Posture 

0.40 

0.06 

Artillery  ratio,  Posture 

0.35 

0.83 

Attacker,  Defender 

0.30 

0,01 

Tank  ratio,  Terrain 

0.14 

0,42 

Troop  ratio,  Posture 

0.09 

0,87 

Tank,  Artiller>’,  and  Troop  ratios 

0,001 

0,86 

Again,  the  higher  the  p-value  for  the  likelihood  statistic,  the  more  consistent  the 
model  is  with  the  data.  While  the  «  level  for  most  models  is  relatively  high,  it  must  be 
remembered  that  the  data  being  modeled  does  not  come  from  a  rigorously  controlled 
experiment,  but  from  actual  battles  distributed  over  a  period  of  forty-five  years.  Because 
combat  is  as  much  a  social  phenomenon  as  a  physical  one,  there  are  many  uncontrolled 
factors  such  as  leadersh  p,  morale,  training  and  doctrine.  An  effort  was  made  to  see  if 
the  differences  in  fighting  capabilities  between  different  national  forces  could  be  quanti¬ 
fied.  This  effort  was  unsuccessful  in  finding  a  measure  of  the  fighting  capabilities  of 
differing  national  forces,  but  the  models  that  include  the  attacking  and  or  defending 
forces  are  highly  significant,  probably  due  to  the  fact  that  the  identification  of  the  na¬ 
tional  forces  captures  some  of  the  uncontrolled  factors.  The  tabled  probabilities  of 
success  by  national  force  end  posture  in  Appendix  A  may  provide  some  insights  into  the 
fighting  capabilities  of  the  forces  of  specific  nations. 

A  considerable  amount  of  time  was  spent  attempting  to  use  firepower  indices  to 
quantify  combat  power  and  predict  battle  outcomes  using  categorical  modeling.  While 
highly  significant  scalings  of  firepower  scores  were  developed,  these  scalings  produced 
unsatisfactory  results  when  combined  with  other  explanatory  variables  (defender  pos¬ 
ture,  surprise)  to  mode'  battle  outcomes.  It  is  suggested  that  the  subjective  scaling  used 


in  firepower  score  methods  does  not  capture  the  synergistic  eflects  of  combined  arms 
forces.  Additionally,  it  is  not  clear  whether  or  not  the  relative  firepower  score  of  a  sys¬ 
tem  would  remain  constant  during  the  time  period  of  the  data,  1937  through  1982. 

A  modified  version  of  the  Quantified  .ludgment  Model  suggested  by  Dupuy  in  his 
analysis  of  the  1982  Bekka  Valley  campaign  [Ref.7;  pp.237-250]  was  tried  on  the  data  set. 
This  (ipproach  used  essentially  a  firepower  score  approach  with  multiplicative  factors  for 
terrain,  posture  and  surprise  included  in  the  firepower  index  of  each  side.  This  model 
did  not  produce  statistically  significant  results  in  the  modeling  of  battle  outcomes. 

C.  RESULTS  SPECIFIC  TO  THE  THEORY  OF  COMBAT 
1.  Superior  Combat  Power  Wins 

One  of  the  principal  findings  of  the  modeling  was  that  the  force  ratios  of  at¬ 
tacking  to  defending  troops  and  attacking  to  defending  artillery  pieces  were  not  statis¬ 
tically  significant  in  predicting  battle  outcomes.  The  more  interesting  result,  however, 
was  that  the  ratio  of  attacking  . to  defending  tanks  was  significant  at  the  0.05  level  in 
predicting  successflil  attacks.  This  may  not  be  surprising  considering  that; 

In  mounted  warfare,  the  tank  is  the  primary  offensive  weapon,  Its  firepower,  pro¬ 
tection  fiom  enemy  fire,  and  speed  ereate  the  shock  eficct  necessary  to  disrupt  the 
enemy's  operations  and  to  defeat  him.  fRcf.8!  p.421 

This  is  not  to  say,  however,  that  tanks  are  the  only  weapons  required  to  conduct  a  suc¬ 
cessful  attack.  The  principle  of  combined  arms,  that  is  an  appropriate  mix  of  infantry, 
armor,  and  artillery,  supported  by  enginceis,  aviation  and  air  defense  is  necessary  for 
success.  The  tank  r  .tio,  however,  seems  to  be  the  barometer  of  whether  or  not  an  ap¬ 
propriately  balanced  force  has  enough  combat  power  to  successfully  conduct  an  attack. 
As  seen  in  Figure  4  on  page  17  the  probability  of  a  successAil  attack  increases  by  fifiy 
percent  as  the  tank  ratio  increases  from  less  than  1:1  to  5:1.  An  effect  attributed  to  se- 
ver'vl  Arab-IsraeL-  war  campa.ig.as  and  further  discussed  in  the  analysis  of  posture  as  a 
combat  multiplier  may  explain  wh>  the  slight  pe.ak  exists  in  the  area  of  the  1;1  tank  ratio. 
As  a  result  of  these  findings,  the  measure  of  combat  power  to  be  used  in  subsequent 
moods  will  be  ths  ratio  of  attarliUig  to  defending  tanks. 

An  attempt  was  made  to  distinguish  a  historical  trend  in  the  tank  ratio's  ability 
to  predict  battle  outcomes.  The  data  points  were  divided  into  four  periods  of  approxi¬ 
mately  equal  numbers,  mcluding  1937  through  1943,  1944  Europe,  1944  through  1953 
Asia  and  the  Pacific,  and  1954  through  1982.  No  trends  in  the  tank  ratio's  ability  to 
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predict  battle  outcomes  were  evident  between  the  four  periods,  as  none  of  the  models 
produced  significant  results  when  tested  against  a  subset  of  the  data. 

2.  The  Law  of  Diminishing  Returns/Economy  of  Force 

The  law  of  diminishing  returns  would  imply  that  marginal  increases  in  combat 
power  would  have  a  diminishing  effect  on  the  marginal  increase  in  probability  of  success 
as  the  tank  ratio  increases.  This  effect  can  be  seen  in  the  plot  of  the  tank  ratio  in 
Figure  4  on  pag>^  17  as  well  as  all  of  the  figures  in  this  chapter.  The  slope  of  the  prob¬ 
ability  curve  begins  to  decrease  at  about  the  3:1  tank  ratio,  implying  that  the  point  where 
marginal  cost  equals  marginal  returns  is  in  the  vicinity  of  that  point.  While  the  effect 
of  the  law  of  diminishing  returns  is  not  statistically  proven  by  it  telf,  the  effects  are  evi¬ 
dent  in  the  plots  of  statistically  significant  models.  The  land  area  over  which  forces  are 
concentrated  may  influence  this  effect,  and  ftirther  research  on  this  hypothesis  is  sug¬ 
gested  in  Chapter  VI. 

3.  Combat  Multiplier:  Terrain 

The  modeling  of  terrain  by  itself  and  combined  with  other  factors  did  not  have 
a  statistically  sigrjtflcant  effect  on  battle  outcomes.  The  model  results  are  shown  in  Ta¬ 
ble  5  and  plotted  in  Figure  5  on  page  23. 

Table  5.  MODEL  RESULT  FOR  LOGLINEAR  MODEL  SUCCESS  -  TANK 
RATIO  TERRAIN 


Response  variable 

Explanatory  vari¬ 
ables 

P  value  of  ex¬ 
planatory  vari¬ 
ables 

P  value  of  likeli¬ 
hood  statistic 

Attack  success 

Tank  ratio 

0.08 

0.14 

Terrain 

0.42 
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Figure  5.  Terrain  and  Tank  Ratio  versus  Success 


The  plot  does  show,  however,  that  there  is  some  effect  due  to  terrain.  While  terrain  is 
certainly  significant  from  the  perspective  of  military  judgment,  there  may  be  a  reason  for 
its  lack  of  statistical  significance  in  a  model.  The  models  are  based  on  data  from  battles 
that  actually  occurred.  In  most  of  these  instances  the  attacker  probably  had  the  option 
not  to  attack  if  he  felt  that  the  terrain  was  to  his  disadvantage  and  he  did  not  have  other 
means  of  gaining  an  advantage.  It  is  interesting  to  note  that  the  combination  of  terrain 


23 


and  posture  did  not  produce  a  statistically  significant  model.  As  a  result  of  these 
findings,  the  hypothesis  that  terrain  is  a  combat  multiplier  is  not  included  in  the  theory 
of  combat. 

4.  Combat  Multiplier:  Posture 

The  defender's  posture  was  found  to  be  highly  significant  in  predicting  battle 
outcomes,  both  by  itself  and  in  combination  with  certain  other  explanatory  variables, 
particularly  the  tank  ratio  and  surprise.  The  model  results  are  shown  for  the  combina¬ 
tion  of  the  tank  ratio  and  posture  in  Table  6  and  plotted  in  Figure  6  on  page  25.  A 
highly  useful  three  factor  model  combining  posture,  the  tank  ratio  and  surprise  will  be 
used  in  the  application  example  in  Chapter  V. 

Table  6.  MODEL  RESULT  FOR  LOGLINEAR  MODEL  SUCCESS  -  TANK 
RATIO  POS'TURE 


Response  variable 

Explanatory  vari¬ 
ables 

P  value  of  ex¬ 
planatory  vari¬ 
ables 

P  value  of  likeli¬ 
hood  statistic 

Attack  success 

Tank  ratio 

0.09 

0.50 

Defender  posture 

0.15 

The  observed  data  about  posture,  summarized  in  Table  7  on  page  26  lends  additional 
support  to  the  plotted  model.  The  one  surprising  result  IVom  a  military  perspective  is 
that  the  probability  of  success  against  a  hasty  defense  is  lower  than  the  probability  of 
success  against  a  prepared  defense  at  any  force  ratio.  Hasty  defenses  are  characterized 
by  a  lower  level  of  preparation  (less  than  24  hours)  than  prepared  defenses.  The  key  to 
understanding  this  phenomenon  may  lie  in  realizing  that  deliberate  attacks  are  normally 
conducted  against  prepared  and  fortified  postions  because  of  their  strength  and  time  is 
made  available  for  pre-attack  preparations.  Hasty  attacks  are  usually  conducted  against 
hasty  defenses  due  to  the  need  to  exploit  a  situation  or  when  a  decision  is  sought  before 
reinforcements  can  arrive.  In  these  situations  it  is  possible  that  the  defender  can  use  the 
strength  of  the  defense  as  a  form  of  combat  to  reduce  the  attacker's  cnances  of  success. 
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DEFENDER  POSTURE  AND  TANK  RATIO  v  SUCCESS 
MAXIMUM  LIKEUHOOD  ESTIMATES 


Figure  6.  Defender  Posture  and  Tank  Ratio  versus  Success 
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Table  7.  OBSERVED  PROBABILITY  OF  SUCCESS  BY  POSTURE 


Posture 

P[8uccessi 

Number  of 
observa¬ 
tions 

0.88 

16 

1  Fortified 

0.63 

98 

0.52 

60 

CSSSESQBHVBI 

0.75 

75 

A  careflil  observer  will  note  that  in  Figure  6  on  page  25  the  probability  of  sue* 
cess  against  prepared  defenses  at  about  a  1;1  tank  ratio  does  not  follow  the  slope  of  the 
other  curves.  This  may  be  attributed  to  about  twelve  data  points  in  that  region  repres¬ 
enting  attacks  in  various  campaigns  of  the  Arab-Israeli  conDicts.  The  recognized 
professionalism  of  the  Israeli  armored  corps  probably  contributed  to  their  success  in 
attacking  prepared  positions  at  that  force  ratio;  however,  two  of  the  battles  were 
Egyptian  successes  during  the  initial  crossing  of  the  Suez  Canal  at  the  start  of  the  1973 
war. 

5.  Combat  Multiplier]  Surprise 

Surprise  by  Itself  was  not  found  to  be  signiAcant  in  determining  battle  outcomes, 
but  contributed  to  models  that  included  the  tank  ratio  and  posture. 

Table  8.  MODEL  RESULT  FOR  LOGLINEAR  MODEL  SUCCESS  -  TANK 
RATIO  SURPRISE 


Response  variable 

Explanatory  vari¬ 
ables 

P  value  of  ex¬ 
planatory  vari¬ 
ables 

P  value  of  likeli¬ 
hood  statistic 

Attack  success 

Tank  ratio 

0.02 

0.47 

mosnssHii 

0.25 

Table  9  on  page  28  indicates  that  historically  a  live  to  twelve  percent  Increase  in  the 
probability  of  a  successAil  attack  can  be  gained  by  attaining  some  form  of  surprise,  and 
reinforces  the  modeling  result  depicted  in  Figure  7  on  page  27. 
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ATTACKER  SURPRISE  AND  TANK  RATIO  v  SUCCESS 
MAXIMUM  UKEUHOOD  ESTIMATES 


Figure  7.  Attacker  Surprise  and  Tank  Ratio  venue  Succeis 
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Table  9.  OBSERVED  PROBABILITY  OF  SUCCESS  BY  POSTURE  AND  SUR¬ 
PRISE 


Posture 

Surprise 

P[succoss] 

Number  of 
observa¬ 
tions 

Fortified  Defense 

Atkr 

0.77 

13 

Fortified  Defense 

No 

0.72 

84 

Hasty  Defense 

Atkr 

0.58 

12 

Hasty  Defense 

No 

0.52 

46 

Prepared  Defense 

Atkr 

0.78 

9 

Prepared  Defense 

No 

0.74 

66 

The  manner  In  which  surprise  was  achieved  was  not  specified  in  the  database,  but  the 
possibilities  include  surprise  in  the  time  of  the  attack,  its  location,  the  forces  and  tactics 
used,  or  the  employment  of  a  new  technology. 

D.  SUMMARY 

The  method  of  falsidcatlon  developed  by  Huber  was  explained  as  the  means  for  the 
validation  of  the  theor>'  of  combat.  In  short,  deductively  derived  hypotheses  about 
combat  may  be  considered  usable  as  long  as  historical  research  does  not  provide  statis¬ 
tically  significant  evidence  for  their  rejection.  Each  of  the  hypotheses  was  then  modeled 
using  the  loglinear  modeling  of  categorical  data  and  the  results  wore  analyzed. 

The  traditional  force  ratios  of  attacking  to  defending  troops  and  attacking  to  de¬ 
fending  artillery  pieces  were  not  statistically  significant  in  predicting  battle  outcomes, 
while  the  ratio  of  attaching  to  defending  tanks  was  significant  at  the  0.05  level  in  pre¬ 
dicting  succcssfiil  attacks.  This  suggests  that  the  tank  ratio  is  a  statistically  significant 
measure  of  combat  power.  The  afiect  of  the  law  of  diminishing  returns  was  seen  in 
models  that  included  the  tank  ratio  as  one  of  the  explanatory  variables.  Terrain  is  not 
considered  a  combat  multiplier  for  purposes  of  this  theory  of  combat  as  it  was  shown 
to  be  not  statistically  significant.  Surprise  is  a  combat  multiplier  when  considered  with 
the  tank  ratio,  while  the  defender's  posture  is  the  most  significant  of  the  combat  multi¬ 
pliers.  In  Chapter  V,  a  practical  application  of  these  results  will  be  discussed. 
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V.  APPLICATION  TO  THE  PLANNING  OF  LAND  COMBAT 


A.  INTRODUCTION 

This  chapter  will  illustrate  an  application  of  the  theory  of  combat  developed  up  to 
this  point  to  the  planning  of  a  land  combat  operation  in  a  contingency  theater  of  oper¬ 
ations.  This  application  will  use  a  three  factor  model  which  integrates  the  tank  ratio, 
defender  posture,  and  surprise  as  the  variables  predicting  attack  success. 


Table  10.  MODEL  RESULT  FOR  LOGLINEAR  MODEL  SUCCESS  -  TANK 


RATIC 

POSTURE  SURPRISE 

Response  variable 

Explanatory  vari¬ 
ables 

P  value  of  ex- 
planatorj’  vari¬ 
ables 

P  value  of  likeli¬ 
hood  statistic 

Tank  ratio 

0.03 

Attack  success 

0.14 

0.62 

0.13 

This  model  is  highly  significant  relative  to  all  of  the  models  developed  by  this  analysis 
and  Is  the  best  of  the  three  factor  models.  The  model  results  are  plotted  in  Figure  1 1 
on  page  35  and  Figure  12  on  page  36.  Th<)  standard  errors  of  the  probability  estimates 
range  fVom  0.05  to  0.20.  The  regions  defined  by  a  one  standard  error  distance  fVom  the 
plotted  lines  overlap  adjacent  regions  through  the  range  of  the  tank  ratio.  The  regions 
overlap  the  estimated  probabilities  for  adjacent  levels  of  posture  most  notably  in  the 
areas  of  the  1,0  to  1.5  and  the  4.0  to  4.5  tank  ratios,  which  are  also  the  regions  where 
the  slopes  of  the  probability  estimates  change  most  rapidly. 

B.  A  SCENARIO  FOR  DEMONSTRATION 

The  following  scenario  is  used  to  demonstrate  the  potential  of  the  theory  of  combat 
in  examining  two  courses  of  action. 

situation.  Sirocco,  a  country  allied  with  the  United  States  In  pro¬ 
moting  regional  Intereiti  hai  been  Invaded  by  a  neighboring  country, 
Ekron,  intent  on  aeizing  disputed  territory.  U. S.  forces  have  been  de¬ 
ployed  to  assist  In  rebelling  the  attack  of  the  belligerent  neighbor. 
The  neighboring  country  Is  well-armed  with  modern  main  battle  tanks, 
armored  personnel  carriers,  self-propelled  artillery  and  aviation  sup¬ 
port.  Slroccan  forces  are  no  longer  capable  of  offensive  action  due  to 
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ths  surprise  nature  of  the  attack  and  an  extraordinary  effort  to  contain 
the  enemy  advance.  Forces  available  to  the  U,  S.  Ill  Corps  commander  are 
limited  due  to  naval  and  air  actions  off  the  coast  of  Sirocco  by  another 
unfriendly  power.  The  enemy  forces  that  have  crossed  the  Intornatlonal 
boundary  are  preparing  defensive  positions  In  the  hope  that  a  cease  fire 
agreement  will  be  negotiated,  allowing  them  to  annex  the  territory  gained. 
The  enemy  forces  In  Sirocco  are  listed  In  Table  11,  and  do  not  Include 
the  sizeable  reserve  force  located  In  Ekron.  The  U.  S.  ground  forces 
available  aro  listed  in  Table  12  on  page  31,  and  the  current  dispositions 
of  all  forces  are  shown  In  Figure  6  on  page  32. 

Mission.  The  U.  S.  Ill  Corps  commander  has  been  given  the  mission  to 
attack  and  terminate  the  conflict  on  terms  favorable  to  the  U. S.  and  our 
Slroccan  allies.  The  mission  must  be  accomplished  within  the  next  48 
hours  and  with  the  forces  currently  on  hand. 

Courses  of  Action.  The  III  Corps  plans  officer  has  developed  two 
courses  of  action  for  analysis.  The  first,  designated  as  Course  of  Action 
A,  Is  represented  in  Figure  9  on  page  33,  and  la  an  attack  on  two  axes 
by  armored  brigadeo  to  destroy  the  enemy  forces  in  sector.  The  western 
axis,  designated  as  the  main  attack,  is  reinforced  by  the  Corp's  mech¬ 
anized  Infantry  brigade.  One  armored  cavalry  squadron  will  block  movement 
by  the  211  Infantry  Regiment  along  the  Portola-Vfebster  highway,  while  the 
other  cavalry  squadron  will  follow  the  attack  and  block  the  other  highway 
crossing  the  Ekron-Slrocco  International  boundary.  Course  of  Action  B, 
depicted  In  Figure  10  on  page  34,  Is  an  attack  on  one  axis  with  two 
armored  brigades  abreast  to  penetrate  the  enemy's  defenses  and  secure 
positions  cutting  off  his  lines  of  communication.  One  of  the  cavalry 
squadrons  secures  the  Webster-Fortola  highway,  while  the  other  blocks  any 
advances  toward  Fortola  by  the  cut  off  enemy  forces. 


Table  1 1.  ENEMY  FORCES  DEPLOYED  IN  SIROCCO 


Unit 

Symbol 

Number  of 
tanks 

111  and  121  Armored 
Regiments,  2  TD 

■mi 

1^^ 

70  each 

131  and  211  Mechanized 
Regiments,  2  TD 

nnp 

L 

30  each 

2  Tank  Division  Artillery 
Regiment 

_J 

m 

nii::':;:! 

None 
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Table  12.  U.S.  FORCES  AVAILABLE  FOR  EMPLOYMENT 


Unit 


1st  and  3d  Brigades,  2d 
Armored  Division 

2d  Brigade  (Mech),  2d 
Armored  Division 

Division  Artillery,  2d 
Armored  Division 


Symbol 


Number  of 
tanks 


1st  and  2d  Squadrons,  3d 
Armored  Cavalry  Regi¬ 
ment 


40  each 


C.  APPLICATION  OF  THE  THEORY 

In  order  to  analyze  each  course  of  action  the  plans  ofTicer  must  first  establish  what 
information  is  available  and  what  assumptions  will  be  made.  He  will  use  available  in¬ 
telligence  information  to  estimate  the  enemy  strength,  the  level  of  preparation  of  the 
enemy's  defensive  positions,  and  whether  or  not  it  is  likely  that  some  form  of  surprise 
will  be  achieved.  This  information  is  combined  with  the  size  of  the  attacking  force  on 
each  axis  of  attack  to  estimate  the  force  ratio.  This  is  done  for  each  course  of  action  in 
succession.  We  can  then  use  the  modeling  results  in  Figure  1 1  and  Figure  12  to  estimate 
the  attack's  probability  of  success  based  on  the  tank  ratio,  the  defender's  posture,  and 
whether  surprise  is  likely  to  be  achieved. 

In  Course  of  Action  A,  the  main  attack,  designated  by  the  double  arrow  in  Figure 
9,  has  a  ratio  of  attacking  to  defending  tanks  of  approximately  1.5:1.  If  we  Identify  the 
enemy's  posture  as  prepared,  and  assess  that  surprise  is  unlikely,  the  attack's  probability 
of  success  from  Figure  12  is  about  0.5  ±0.1.  The  supporting  attack  by  the  3d  Brigade 
and  a  cavalry  squadron  has  a  2:1  tank  ratio,  and  under  the  same  posture  and  surprise 
assumptions  also  has  a  probability  of  success  of  about  0.5  ±  0.1.  If  a  means  of  achieving 
surprise  were  available,  such  as  a  night  movement  and  a  deception  operation  in  the 
northern  sector.  Figure  11  would  show  the  probabilities  of  success  of  the  main  and 
supporting  attacks  to  be  about  0.77  ±  0.1  and  0.82  ±  0.1  respectively.  Differing  as¬ 
sumptions  about  the  defender  posture  would  be  handled  in  the  same  manner  by  refer¬ 
encing  the  appropriate  line  in  Figures  11  and  12. 
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Figure  8.  Operational  Situation 


Course  of  Action  B,  illustrated  in  Figure  10,  concentrates  the  available  forces  against 
one  enemy  regiment,  achieving  a  tank  ratio  of  3.5:1.  If  surprise  is  possible  and  if  the 
enemy's  posture  is  prepared,  the  probability  of  success  from  Figure  1 1  is  0.9  ±  0.05.  The 
probability  of  success  from  Figure  12  is  0.7  ±  0.15  if  surprise  is  unlikely  to  be  attained. 
We  also  note  from  the  plot  that  the  point  of  diminishing  marginal  returns  is  reached  at 
about  the  3.5:1  ratio  for  this  level  of  defender  posture.  To  the  planner  this  would  imply 
that  if  additional  forces  were  available  .hey  would  be  more  effectively  used  in  ehorts  that 
were  not  at  the  point  of  diminishing  returns.  The  planner  would  now  have  the  estimated 
probabilities  of  success  based  on  historical  experience  to  consider  along  with  other  fac¬ 
tors  in  evaluating  which  course  of  action  will  best  accomplish  the  mission.  If  all  other 
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Figure  9.  Course  of  Action  A 


considerations  were  equal,  the  planner  should  choose  course  of  action  B,  the  plan  with 
the  greatest  probubililty  of  success. 

The  laws  of  probability  can  be  used  to  extend  the  usefulness  of  the  model  used  in 
this  chapter.  For  instance,  the  joint  probability  of  success  of  two  simultaneous  attacks 
is  the  product  of  the  two  probabilities,  if  the  opetations  arc  independent  of  each  other. 
The  probability  of  a  succcssAil  defense  is  one  minus  the  probability  of  a  successfhl  at¬ 
tack.  If  defensive  operations  arc  being  planned,  the  tank  ratio  used  in  the  model  is  still 
the  ratio  of  attacking  r.  >  defending  tanks.  In  this  case  the  defensive  planner  must  esti¬ 
mate  the  number  of  enemy  tanks  in  the  formation  that  will  oppose  him  and  whether  the 
attacker  can  achieve  surprise  as  to  the  time  and  place  of  the  attack.  A  conservative 


Figcre  10.  Course  of  Action  B 


planner  may  start  with  the  assumption  that  the  attacker  will  intially  achieve  surprise, 
then  evaluate  his  alternatives  from  that  assumption.  The  planner  will  knov/  his  own 
level  of  preparation  and  can  then  make  an  estimate  of  the  probability  of  the  attacker's 
success,  or  the  estimate  of  his  defense's  success  by  subtracting  the  attack  probabihlty 
from  one.  It  should  be  reemphasized  at  this  point  that  this  model  waj  developed  from 
data  about  conibat  at  the  brigade/regiment  level  and  higher,  and  as  such  the  validity  of 
the  model  in  estimating  probabilities  for  combat  at  lower  levels  is  not  estahjished, 

D.  SUMMARY 

This  chapter  has  illustrated  the  use  of  a  model  that  was  highly  significant  in 
explaining  the  outcome  of  historical  buttles.  This  model  was  used  to  estimate  the 
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Figure  1 1.  Tank  Ratio  and  Posture  versus  Success  (Surprise  Possible) 

probability  of  success  of  offensive  operations,  and  its  use  for  evaluating  defensive 
courses  of  action  was  also  explained-  While  this  model  cannot  be  used  a’one  to  evaluate 
operational  plans,  it  provides  a  quantitative  means  to  supplement  nriilitary  judgment. 
The  next  chapter  concludes  with  a  summary  of  the  research  findings  and  recommen> 
dations  for  further  study. 
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0.4 


TANK  RATIO,  POSTURE  AND  SURPRISE  v  SUCCESS 

ATTACKER  SURPRISE  UNUKELY 


Figure  12.  Taiik  Ratio  and  Posture  versus  Success  (Surprise  Unlikely) 
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VI.  CONCLUSIONS 


A.  THE  THEORY  AND  MODEL  FOR  THE  PLANNING  OF  LAND  COMBAT 

The  focus  of  this  thesis  was  a  method  of  comparing  alternative  courses  of  action 

based  on  a  quantitative  evaluation  of  the  estimated  probability  of  success  of  each.  The 
scope  was  the  planning  of  land  combat  at  the  brigade  through  corps  levels.  A  theory 
of  combat  was  used  to  organize  Aindamental  laws  about  combat  and  explain  the  inter¬ 
action  of  combat  forces  and  processes.  These  laws  of  combat  were  hypotheses  con¬ 
firmed  by  historical  data,  military  judgment  and  formal  models. 

The  method  of  falsification  developed  by  Huber  was  explained  as  the  means  for  the 
validation  of  the  theory  of  combat.  In  short,  deductively  derived  hypotheses  about 
combat  may  be  considered  usable  as  long  as  historical  research  docs  not  provide  statis¬ 
tically  significant  evidence  for  their  rejection.  Each  of  the  hypotheses  was  then  modeled 
using  the  loglincar  modeling  of  categorical  data  and  the  results  were  analyzed.  The  data 
characterized  260  combined  arms  battles  that  occurred  during  the  period  1937  through 
1982. 

The  traditional  force  ratios  of  attacking  to  defending  troops  and  attacking  to  de¬ 
fending  artillery  pieces  were  not  statistically  significant  in  predicting  battle  outcomes, 
while  the  ratio  of  attacking  to  defending  tanks  was  significant  at  the  0.05  level  in  pre¬ 
dicting  successful  attacks.  This  suggests  that  the  tank  ratio  is  a  statistically  significant 
measure  of  combat  power.  The  efiect  of  the  law  of  diminishing  returns  was  seen  In 
graphs  of  attack  success  probabilities  that  included  the  tank  ratio  as  one  of  the  explan¬ 
atory  variables.  Terrain  is  not  considered  a  combat  multiplier  for  purposes  of  this  theory 
of  combat  as  it  was  not  shown  to  be  statistically  significant.  Surprise  is  a  combat  mul¬ 
tiplier  when  considered  with  the  tank  ratio,  while  the  defender's  posture  is  the  most  sig¬ 
nificant  of  the  combat  multipliers.  In  Chapter  V,  a  practical  application  of  these  laws 
of  combat  w’as  illustrated. 

B.  IMMEDIATE  APPLICATIONS  TO  MILITARY  PLANNING 

The  theory  and  models  addressed  in  this  research  could  be  incorporated  into  current 
doctrinal  and  instructional  manuals  as  a  means  of  modeling  combat  power  and  assessing 
courses  of  action.  These  manuals  and  courses  of  instruction  could  include  the  Command 
and  General  Staff  College's  ST  100’9  The  Command  Estimate  and  ST  100-3  Battle 
Book,  as  well  as  instruction  in  brigade  level  operations  conducted  at  the  Army's  combat 
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arms  schools.  Additionally,  the  tables  containing  observed  data  and  probabilities  of 
success  in  Chapter  IV  and  Appendix  A  give  some  insights  into  the  efiects  of  posture, 
surprise,  and  attackcr-defender  combinations  on  combat  outcomes.  These  tables  and 
the  plots  of  modeling  results  can  also  be  used  as  a  "benchmark"  to  compare  highly  ag¬ 
gregated  combat  models  with  historical  combat. 

C.  RECOMMENDATIONS  FOR  FURTHER  STUDY 

The  methodology  developed  in  Chapter  III  could  be  used  to  further  analyze  the 
Benchmark  database.  The  categorical  modeling  of  battle  outcomes  (e.g.  penetration, 
withdrawl,  breakthru)  using  explanatory  variables  including  tactics  and  posture  could 
validate  additional  hypotheses  to  be  included  in  the  theory  of  combat  developed  in  this 
thesis.  The  data  may  also  be  analyzed  to  validate  current  tables  of  advance  rates,  casu¬ 
alty  rates,  and  equipment  loss  rates  or  to  develop  new  tables.  In  addition,  some  testing 
could  be  done  to  determine  if  these  types  of  loss  and  advance  rates  can  be  reliably 
modeled,  One  fUrther  area  of  interest  would  be  the  examination  of  the  cflect  of  attacker 
and  defender  frontage  and  defensive  position  depth  on  battle  outcome.  This  study  might 
reveal  more  about  the  elTects  of  economy  of  force  and  diminishing  returns  on  combat 
power  and  battle  outcomes. 
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APPENDIX  A.  PROBABILITIES  OF  SUCCESS  BY  NATIONAL  FORCE 

AND  POSTURE 

These  tables  display  the  observed  probabilities  of  successful  attacks  by  various 
combinations  of  attacking  and  defending  forces  and  defender  posture.  Posture  was 
found  to  be  highly  significant  in  predicting  battle  outcome  when  combined  with  data 
about  the  national  force  attacking  or  defending.  Cells  that  contain  dashed  entries  had 
fewer  than  five  observations  in  them  and  are  not  displayed  to  avoid  misinterpretation. 


Table  13.  OBSERVED  PROBABILITY  OF  SUCCESS  BY  ATTACKING  FORCE 


AND  POSTURE 


Attacker 

Defender  Posture 

Fortified 

Defense 

Prepared 

Defense 

Hasty  De¬ 
fense 

Delay 

British 

0.58 

0.75 

0.80 

a 

Egyptian 

a 

- 

0.33 

a 

Gorman 

■ 

0.54 

0.17 

a 

Israeli 

0,71 

0.83 

0.81 

• 

mmmm 

0.59 

0.89 

0.78 

0.86 

U.S.S.R. 

0.78 

0.90 

• 

a 
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Table  14.  OBSERVED  PROBABILITY  OF  SUCCESS  BY  DEFENDING  FORCE 
AND  POSTURE 


Table  15.  OBSERVED  PROBABILITY  OF  SUCCESS  BY  ATTACKING  AND 
DEFENDING  FORCE 


Attacker 

Ocrman 

nritish 

msH 

German 

1^009111111 

Israeli 

Israeli 

Israeli 

Syrian 

U.S, 

u.s. 

U.S. 

U.S.S.R, 

Defender 

P(success] 

British 

0.36 

German 

0.62 

Israeli 

0.50 

U.S. 

0.11 

U.S.S.R, 

0.67 

Egyptian 

0.81 

•iortianian 

0.71 

Syrian 

0.86 

Israeli 

0.22 

German 

0,67 

Chinese 

0.99 

Japanese 

0.70 

German 

0.87 
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APPENDIX  B.  EXTRACT  FROM  BENCHMARK  DATABASE 


«  Row  Thootip 

N 

Nana 

Atkr 

Dafdr 

Atkr  Dafdr 
aohalen  aehalen 

Terrain 

Cover  « 

1 

s 

1 

Spain 

Ouadalajara 

Xtal 

BRpb 

Amy 

Army 

Flat 

Bara 

4 

Franea 

Apdannaa 

Bar 

Pr 

ArOp 

Army 

Rolling 

Mimad 

B 

P panes 

Sadan 

Bap 

Pp 

Cerp 

Army 

Rolling 

Mixed 

« 

Ppanea 

Canbral 

Bar 

Pp 

Div 

Div 

Rolling 

Nixed 

7 

Pranoa 

Appaa 

Brit 

Oar 

Rgt 

Rgt 

Rolling 

Mixed 

• 

■ 

Pranoa 

Beoa 

Pp 

Oar 

Ce 

Ce 

Rolling 

Mixed 

10 

Manehupla 

ChangKufang  1 

Jap 

USSR 

Rflt 

Rot 

Rugged 

Bare 

11 

Hanehupia 

ChanoKufans  2 

USSR 

Jap 

Div 

Div 

Rugged 

Bare 

12 

Manehupia 

ChansKufang  S 

USSR 

Jap 

Amy 

Div 

Rugged 

Bara 

IB 

Hanehupia 

Nonenhan  1 

Jap 

USSR 

Rgt 

Rgt 

Rolling 

Bara 

14 

Manehupia 

Nemenhan  2 

IttSR 

Jap 

Amy 

Amy 

Rolling 

Bara 

Ifi 

14 

Hanohupia 

MutanKiaitg 

USSR 

Jap 

Amy 

Corp 

Rugged 

Mixed 

X7 

ift 

Malaya ia 

Jitra 

Brit 

Jap 

Div 

Div 

Rolling 

Noodad 

19 

P inland 

Suemuaaalmi 

Pinn 

USSR 

Div 

Corp 

Rolling 

Hooded 

20 

Ruatia 

Rovno 

Bar 

USSR 

Amy 

ArBp 

Rolling 

Nixed 

21 

Ruaaia 

HoaeoM  Oafanaa 

Bar 

USSR 

ArOp 

ArBp 

Rolling 

Mixed 

22 

Ruaaia 

Moaeow  CountarattaeK 

USSR 

Oar 

ArBp 

ArBp 

Rolling 

Mixed 

2S 

24 

Ruaaia 

Posoraloya 

USSR 

Oar 

Amy 

Army 

Flat 

Swamp 

2S 

NiAfpioa 

Alam  Haifa 

Bara 

Brit 

Amy 

Army 

Flat 

Bare 

26 

N.Afplou 

Alamain  2 

Brit 

Bar« 

Amy 

Amy 

Flat 

Bara 

27 

NiAfrioa 

Alamain-Lightfoet 

Brit 

Oar* 

Amy 

Amy 

Flat 

Bara 

26 

N.  Africa 

Alamain'Srldoahaad 

Brit 

Bar* 

Amy 

Amy 

Flat 

Bara 

29 

NiAfrioa 

Alamain-Supargharga 

Brit 

Oar* 

Amy 

Amy 

Flat 

Bara 

SO 

N.Afrioa 

Chouigui  Paaa 

Gar 

US 

Bn 

Ce 

Rolling 

Bara 

SI 

N.Afrioa 

21  Ouattar  3 

Oar 

US 

Div 

Div 

Rolling 

Bara 

u 

vt 

N. Africa 

Sadjanria-Bisarta 

US 

Oar 

Div 

Div 

Rugged 

Mixed 

S4 

Italy 

Amphithaatar 

Brit 

Oar 

Div 

Rot 

Rolling 

Mixed 

SB 

Italy 

Port  of  Sulapno 

Brit 

Oar 

Div 

Rot 

Rolling 

Mixed 

S6 

Italy 

Bala-Calora  Corridor 

US 

Bar 

Div 

Div 

Rolling 

Mixed 

B7 

Italy 

Battipaglia  1 

Bap 

Brit 

Div 

Div 

Rolling 

Mixed 

S8 

Italy 

Viatri  1 

Bar 

Brit 

Div 

Div 

Rolling 

Mixed 

59 

Italy 

Tebaooo  Paotory 

Bar 

Brit 

Div 

Div 

Rolling 

Mixed 

40 

Italy 

Sattipaglia  2 

Brit 

0«r 

Div 

Rgt 

Rolling 

Mixed 

41 

Italy 

Bboli 

US 

Oar 

Div 

Div 

Rolling 

Mixed 

42 

Italy 

Viatri  2 

Bar 

Brit 

Div 

Div 

Rolling 

Mixed 

45 

Italy 

(irauaniao 

Brit 

Oar 

Div 

Div 

Flat 

Mixed 

44 

Italy 

Caiaaao 

US 

Oar 

Div 

Div 

Rolling 

Mixed 

4B 

Italy 

Capua 

Brit 

Oar 

Div 

Div 

Flat 

Mixed 

46 

Italy 

Caatal  Volturno 

Brit 

Oar 

Div 

Div 

Flat 

Mixed 

47 

Italy 

Monta  Aoaro 

US 

Oar 

Div 

Div 

Rugged 

Mixed 
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4«  Italy 

Trlfliaoe 

M 

49  Italy 

Draeonl 

US 

10  Italy 

Canal  1 

irit 

11  Italy 

Munta  Oranda  IV) 

Irit 

la  Italy 

Canal  E 

Irit 

IS  Italy 

Eranoellaa 

Irit 

B4  Italy 

8.  Marla  Ollvato 

US 

II  Italy 

Honta  CaMlno  1 

Irit 

1*  Italy 

Monta  Lunee 

17  Italy 

Poaallll 

US 

M  Italy 

Monta  Camlno  t 

Bar 

19  Italy 

Monta  Rotondo 

US 

90  Italy 

Calabritto 

Brit 

91  Italy 

Monta  Camlno  1 

Brit 

9t  Italy 

Monta  HoMlera 

US 

91  Italy 

Aprilia  1 

Brit 

94  Italy 

Paotory  1 

Uur 

91  Italy 

Canpelaona  t 

Bar 

99  Italy 

Campelaona  1 

Brit 

97  Italy 

Carrooato 

Bar 

91  Italy 

Melatta  Rlvar  1 

Bor 

99  Italy 

Aprilia  t 

Bar 

70  Italy 

Paotory  I 

US 

71  Italy 

"loMllnfl  Allay"  1 

Bar 

71  Italy 

Molatta  Rlvar  1 

Bar 

71  Italy 

Plooola 

Bar 

74  Italy 

1.  Mario  Infanta 

US 

71  Italy 

Ian  Martino 

US 

79  Italy 

Caatallonorato 

US 

77  Italy 

Iplflno 

U8 

71  Italy 

Permla 

US 

79  Italy 

Monta  Oranda  (R) 

US 

•0  Italy 

Itri'Pondi 

US 

11  Italy 

Tarraolna 

US 

It  Italy 

Mo].atta  Rlvar  1 

Brit 

II  Italy 

Aniilo-Albano  Road  t 

Brit 

14  Italy 

Aniile  Iraakout 

US 

II  Italy 

Clittama 

US 

19  Italy 

laua 

US 

17  Italy 

Vallatrl 

US 

11  Italy 

Campelaona  (Itotionl 

US 

19  Italy 

VUlo  Creoatta 

US 

90  Italy 

Ardaa 

Brit 

91  Italy 

Poooe  di  Compolaona 

US 

9t  Italy 

l.onuvle 

US 

91  Italy 

Larlono 

US 

94  Italy 

Via  Analata 

US 

91  Italy 

Valmontona 

US 

99  Italy 

Tarto-Tlbar 

Brit 

97  Italy 

11  Oleoio  Paaa 

US 

91 

99  N.luropa 

Saint  Lo 

US 

100  N.Europa 

"OeedHoed" 

Brit 

101  H.Eurepa 

"Cobi-a" 

US 

lOa  H.Europa 

Mortaln 

Oar 

101  H.Buropa 

Chartraa 

US 

104  H.Europa 

Halm 

US 

Dlv 

Dlv 

Rolling 

Mixad 

B-fi- 

Dlv 

Dlv 

Rolling 

Mixad 

Bar 

Div 

Dlv 

Plat 

Hlxad 

Bar 

Rot 

RBt 

Rolling 

Mixad 

Bar 

Dlv 

Rat 

Rolling 

Mlxad 

Bar 

Dlv 

Rflt 

Rolling 

Mlxad 

Bar 

Dlv 

Dlv 

Rolling 

Mlxad 

Bar 

Dlv 

Rot 

Ruggad 

Mtaad 

Bar 

Div 

Rot 

Ruggad 

Hlxad 

Oar 

Dlv 

Dlv 

Ruggad 

Mlxad 

Brit 

Rgt 

Rot 

Ruggad 

Mlxad 

Oar 

Dlv 

Rflt 

Ruggad 

MlHad 

Oar- 

Dlv 

Dlv 

Ruggad 

Mlxad 

Oar 

Dlv 

Rot 

Ruggad 

Mtaad 

Oar 

Dlv 

Rflt 

Plat 

Mlxad 

Oar 

Dlv 

Dlv 

Plat 

Mlxad 

Brit 

Dlv 

Dlv 

Rolling 

MUad 

Brit 

Dlv 

Rot 

Plat 

Mixed 

Oar 

Dlv 

Dlv 

Plat 

Mixed 

Brit 

Dlv 

Dlv 

Plat 

Mixed 

Brit 

Dlv 

Div 

Plat 

Mixed 

Irit 

Dlv 

Div 

Plat 

Mixed 

Oar 

Dlv 

Div 

Plot 

Mixed 

US 

Carp 

Div 

Plat 

Mixed 

Brit 

Dlv 

Dlv 

Plat 

Mixed 

US 

Dlv 

Dlv 

Plat 

Mixed 

Oar 

Div 

Dlv 

Ruggad 

Bara 

Oar 

Dlv 

Dlv 

Ruggad 

Bara 

Bar 

Dlv 

Dlv 

Ruggad 

Bara 

Bar 

Div 

Dlv 

Ruggad 

Bara 

Oar 

Dlv 

Div 

Ruggad 

Bara 

Oar 

Dlv 

Div 

Rolling 

Mixed 

Bar 

Div 

Div 

Ruggad 

Mlxud 

Bar 

Dlv 

Div 

Ruggad 

Mixed 

Oar 

Dlv 

Dlv 

Plat 

Mixed 

Bar 

Dlv 

Dlv 

Plot 

Mixed 

Bar 

Dlv 

Dlv 

Plot 

Mixed 

Oar 

Dlv 

Dlv 

Plat 

Mixed 

Bor 

Dlv 

Rot 

Rolling 

Mixed 

Bar 

Dlv 

Dlv 

Rolling 

Mixed 

Bar 

Dlv 

Dlv 

Rolling 

Mixed 

Bar 

Dlv 

Dlv 

Rolling 

Mixed 

Bar 

Dlv 

Dlv 

Rolling 

Mixed 

Bar 

Corp 

Dlv 

Rolling 

Mixed 

Bar 

Dlv 

Dlv 

Rolling 

Mixed 

Bar 

Dlv 

Dlv 

Rolling 

Mixed 

Bar 

Div 

Div 

Rolling 

Bara 

Bar 

Dlv 

Dlv 

Rolling 

Hlxad 

Bar 

COi<p 

Div 

Plot 

Mixed 

Bar 

Dlv 

Rot 

Ruggad 

Mixed 

Bar 

Dlv 

Div 

Rolling 

Mixed 

Bar 

Army 

Corp 

Rolling 

Mixed 

Bar 

Corp 

Corp 

Rolling 

Mixed 

US 

Corp 

Div 

Rolling 

Hlxad 

Bor 

Dlv 

Army 

Rolling 

Mixed 

Oar 

Dlv 

Div 

Railing 

Hlxad 
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N 

iurofo 

Seine  River 

US 

Oar 

Carp 

Div 

Rolling 

N 

lurope 

NaanXla*Me9< 

US 

Oar 

Corp 

Amy 

Rolling 

:ior 

H 

Burope 
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US 

Oar 

Cerp 

Army 

Rolling 
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N 

luropa 
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Oar 

US 
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Rolling 

109 

N 

Burope 

NaatMeXl 

US 

Oar 

Cerp 

Corp 

Rolling 

XIO 

H 

luropa 
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US 

Ser 

Div 
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Rolling 

1X1 

M 

Burope 

SeiXXe-Nlad 

US 

Sar 

Carp 

Cerp 

Rolling 
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M 

Burope 

Chateau  Selina 

US 

Ser 

Cerp 

Div 

Rolling 

1X3 

N 

Burope 
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US 

tor 

Div 

Div 

RollifRi 

1X4 

N 

luropa 
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US 

ter 

Corp 

Cei>p 
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XXi 

N 

Burope 
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US 

tar 

Div 

Div 

Rellint 

XX4 

N 

luropa 
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US 

tar 

Corp 
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XX7 

H 

Burope 
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US 

tar 
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Div 

Rolling 
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M 

Burope 
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US 
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H 

Burope 
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1 
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US 
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US 
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Iftt  Paolfle 

Keehl  Ridga-Onaga  1 

US 

Jap 
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161  Paolfle 

Keohl  Rldge-Onaga  t 

US 

Jap 
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US 
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Dlv 

160  Korea 
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US 
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Dlv 

Cerp 

161  Keraa 

Nan  Rlvar 

US 

China 

Dlv 

Amy 

161  Keraa 

Kunaon 

US 

China 

Dlv 

Amy 

16S  Keraa 

Han  Rlvar 

US 

China 

Dlv 

Amy 

164  Kei  la 

lutia  Lina 

US 

China 

Dlv 

Army 

161  Korea 

Chan  Rlvar 

US 

China 

Dlv 

Army 

166  Korea 

Kanaaa  Lina 

China  US 

Amy 

Dlv 

167  Korea 

Plaroe  Lina 

China 

Dlv 
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China 
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102  H.lanK 

Jaruaelam  Corridor 

la 

Jor 

Dlv 

Rgi 

Rolling 
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£04  Solan 
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Syr 
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tOS  Solan 
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Xa 
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Mlxad 
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Xa 
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Sara 
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B1  Auja  "Ayln" 

Xa 

Bgy 

Dlv 

Dlv 
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Bara 

£06  Sinai 

Agalla-Rafah  "Ayln" 

Xa 

Bgy 

Dlv 

Dlv 

Plat 

Bara 

£10 

£11  Sinai 

Abu  Agalla>Um  Kataf 

Xa 
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Dlv 
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Plat 

Bara 

tit  Sinai 

Sir  Rud  SallK 
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Bgy 
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Plat 

Bara 

£1S  Sinai 

Rafah-Bl  Arlah 

Xa 

Bgy 

Dlv 

Dlv 

Plat 

lam 

£14  Sinai 

Oaaa-Khan  Yunle 

Xa 

Bgy 

Rgi 

Rgi 
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Urban 

tlB 

tl6  N.BanK 

Janin 

Xa 

Jor 

Dlv 

Rgi 

Ruggod 

Mlxad 

217  H.lanK 
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Xa 

Jor 

Cerp 

Rgi 

Rugged 
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Ell  H.lanK 

Katlblya 

Xa 

Jor 

Rgi 

Rgi 

Ruggod 
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N.tanK 

Tiflit'Zababiya 
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Div 

Div 
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SIS  Sinai 
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Igy 

Div 

Div 
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Doaort 

I.' 
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SIS  Sinai 

NaKhl 

Xa 

Igy 

Div 

Div 

Flat 

Doaort 

SIS  Sinai 

Sll 

Sir  Oitgafa 

l«r 

Xa 

Rgt 

Rgt 

Flat 

Doaort 
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IS*  Solan 

Tal  Pahar-Saniaa 

Xa 

Syr 

Rgt 

Rgt 

Ruggod 

Mixed 

SS7  Solan 

Rawiyah 

Xa 

Syr 

Rgt 

Rgt 

Rugged 

lUxad 

ns  Solan 

Zooura-Kala 

Xa 

Syr 

Rgt 

Rgt 

Ruggod 

Mixed 

‘ 

SIS  Solan 

Saniaa-Maaaada 

Xa 

Syr 

Rgt 

Rgt 

Ruggod 

Mixed 

S40  Solan 

Kunaitra 

Xa 

Syr 

Div 

Div 

Ruggod 

Mixed 

S41  Solan 

242 

Seutffliya 

Xa 

Syr 

Div 

Div 

Ruggod 

Mixed 

241  Sinai 

Suoa  Canal-North 

igy 

Xa 

Corp 

Div 

Rolling 

Doaart 

244  Sinai 

Suai  Suildup-Nerth 

Igy 

Xa 

Cerp 

Div 

Rolling 

Doaart 

841  Sinai 

Suai  Canal -South 

Igy 

Xa 

Corp 

Rgt 

Rolling 

Doaart 

244  Sinai 

Suax  Suildup-South 

Igy 

Xa 

Corp 

Div 

Rolling 

Doaort 

k 

247  Sinai 

Kantara  Pirdan 

Xa 

Igy 

Div 

Corp 

Rolling 

Doaart 

246  Sinai 

Suaa  Attaok-North 

Igy 

Xa 

Corp 

Cerp 

Rolling 

Doaart 

247  Sinai 

Suax  AttaoK-South 

lay 

Xa 

Corp 

Corp 

Rolling 

Doaart 

210  Sinai 

Chinaaa  Farm  1 

Xa 

Igy 

Div 

Cerp 

Rolling 

Doaart 

111  Sinai 

Chinaaa  Farm  2 

la 

Igy 

Div 

Corp 

Rolling 

Doaort 

212  Sinai 

Chinaaa  Farn-Haat 

Xa 

Igy 

Div 

Div 

Rolling 

Doaart 

253  Sinai 

lamailia 

Xa 

Igy 

Div 

Div 

Rolling 

Doaort 

254  Sinai 

Jabal  Qanaifa 

Xa 

Igy 

Div 

Cerp 

Rolling 

Doaort 

255  Sinai 

SF«llu9a  1 

la 

Igy 

Div 

Corp 

Rolling 

Doaart 

266  Sinai 

Shallufa  2 

la 

Igy 

Div 

Corp 

Rolling 

Daaort 

267  Sinai 

Suax  (Cityl 

la 

Igy 

Div 

Cerp 

Rolling 

Doaart 

268  Sinai 

269 

Adabiya 

la 

Igy 

Div 

Corp 

Rolling 

Daaort 

260  Solan 

Kunaitra  2 

Syr 

Xa 

Div 

Rgt 

Rugged 

Sara 

261  Solan 

Ahmadiyoh 

Syr 

la 

Div 

Rgt 

Ruggod 

Sara 

262  Solan 

Rafid 

Syr 

Xa 

Div 

Rgt 

Ruggod 

Sara 

261  Solan 

Yahuda  ol  A1 

Syr 

Xa 

Div 

Div 

Ruggod 

Sara 

264  Solan 

Nafakh 

Syr 

Xa 

Div 

Rgt 

Ruggod 

Sore 

261  Solan 

Tol  Faria 

Xa 

Syr 

Div 

Div 

Ruggod 

Sara 

266  Solan 

Huahniyah 

Xa 

Syr 

Div 

Div 

Ruggod 

Sara 

267  Solan 

Mount  Harmonit 

Syr 

Xa 
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Rgt 

Ruggod 

Saro 

268  Solan 

Mount  Harmon  1 

Xa 

Syr 

Rgt 

Rgt 

Ruggod 

Sara 

269  Solan 

Tal  Shama 
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Syr 

Div 

Div 
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Sara 
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270  Solan 

Tol  Shaar 

Xa 
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Div 

Ruggod 

Sara 

271  Solan 
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Xa 
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Ruggod 
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272  Solan 
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la 
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273  Solan 
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Xa 
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Xa 
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Ruggod 
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